INTRODUCTION *
Multicomponent reactions (MCRs) are reactions of three or more reactants in one-pot, leading to a product that ideally contains all atoms of the reactants. [1] [2] [3] [4] [5] These reactions have great impact in organic synthesis especially in the formation of carbon-carbon and carbon-heteroatom bonds in one-pot involving simple reaction procedures, high atom economy and high selectivity in generating molecular complexity in a single synthetic operation. Owing to their bond forming efficiency, MCRs are the preferred approach in the drug discovery processes.
Especially in the last two decades, the chemistry and biology of 3,4-dihydropyrimidin-2(1H)-ones (or thiones) DHPMs, have return to prominence. Large number of important reviews dealing with the synthesis of DHPMs using new * Corresponding author: paul7@rediffmail.com catalysts and solvents, along with the study of their biological and medicinal effects have been carried out. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] DHPM derivatives ( Fig. 1 ) have large biological activities and many synthetic samples have been studied as calcium channel modulators, mitotic kinesin inhibitors, adrenergic receptor antagonists, antibacterials, antivirals, and others. 17, 18 Some natural products containing DHPM moiety have been studied as new leads for AIDS therapies.
The Biginelli multicomponent reaction (MCR), first reported by Pietro Biginelli (Scheme 1) in 1891 19 is the most elegant and direct methodology to Bignelli reactions can be performed under a variety of conditions, and several advancements of the experimental procedures have been reported in recent years. Although it has been traditionally catalyzed by strong Bronsted acids, Lewis acids [21] [22] [23] [24] [25] are now being increasingly used. Besides these, DHPMs have also been synthesised using ionic liquids or supported ionic liquids, 26 and so on. They have also been synthesized under microwave conditions 27 and ultrasound irradiations. 28 Indeed, what is nowadays known as eponymous reaction was born as a controversial reaction, since the original proposed structure for the Biginelli adduct was wrongly assigned and had to be later revisited. 29 
General Scope
Somehow, controversies surrounding the Biginelli reaction are still hotly debated. For instance, there is no consensus about the actual mechanism for this transformation, and at least three propositions are well accepted and discussed.
Another controversial issue related to the Biginelli reaction is the solvent effect. Despite being considered to be an effective reaction due to its multicomponent character, many of the developed conditions require the use of toxic and expensive solvents, therefore contrasting with the green and promising features of the Biginelli reaction. In this sense, alternative solvents or media such as ionic liquids (ILs), PEG and water have been successfully tested.
Recently, low melting mixtures of carbohydrates, urea or N,N-dimethylurea and inorganic salts (optional) have been reported as alternative solvents for various organic transformations. 30 These stable melts are environmentally benign, being easily biodegradable, relatively non-toxic and available from bulk renewable resources without numerous energy consuming modification steps. They have low vapor pressure and good solvent properties and have been successfully used in the Diels-Alder reaction, cycloadditions, Stille and Suzuki cross-couplings, hydrogenation reactions 31 and in the synthesis of monosubstituted ureas. 32 Scheme 1 -General scope of the Biginelli reaction.
RESULTS AND DISCUSSION
Due to our interest in studying the mechanism of Biginelli reaction in low melting mixture, we initially tested the standard Biginelli reaction by mixing benzaldehyde (1 mmol, 1), ethyl acetoacetate (1 mmol, 2) in low melting citric acid, urea and mannitol melt at 80 o C, to get the desired product 3 (Scheme 2).
It is important to note that the low melting mixture played an important role of solvent as well as catalyst in Biginelli reaction. To select the best organic melt in terms of reaction time, selectivity and yield, various organic melts have been prepared and among them, melt of citric acid, urea and mannitol gave the best results at 80 o C ( Table 1 ).
In order to investigate the mechanism of the Biginelli reaction, we make use of electrospray ionization mass spectroscopy, as it is capable of "fishing" the formed ions from the solution, leading them directly to the gas phase. Fortunately, we were able to detect and characterize interesting intermediates and transient species, as will be shown and discussed.
We first investigated the formation and isolation of dormant bisureide derivative. The first step of this route is the reaction between protonated urea coming from the melt and 4methylbenzaldehyde at 80 o C in the absence of ethyl acetoacetate (Scheme 3). Two different pathways involving C-O and C-N bond formation could have been possible ( Fig. 2 ). Between them, the lowest energy pathway is the C−N bond formation (A1) leading to the formation of an iminium intermediate 5. In this path, the proton transfer from the urea oxygen to the benzaldehyde oxygen takes place with the C−N bond formation between urea amine group and benzaldehyde carbonyl carbon. Formation of bisureide derivative (6b) takes place by the reaction of another urea molecule with 5. The formation of 4, 5 and 6b was further confirmed by mass spectroscopy ( Fig. 3 ). Figure 3 shows that ESI(+)-MS was able to intercept key cationic species: protonated bisureide [6b + H + ] of m/z 223; the iminium ion [5] of m/z 163; its hydrated precursor [4] of m/z 181, protonated 4-methylbenzaldehyde [1b + H + ] of m/z 121. Similar peaks were observed in the ESI(+)-MS of 1,1′-(4-chlorophenylmethylene)bisurea derivative ( Fig. 4) .
After the formation of bis-ureide derivative (6b), the C-C bond formation between 6b and ethyl acetoacetate was considered. In solution, βketo ester can tautomerize into the corresponding enol form. Although the keto form is more stable, the enol form is needed for C-C bond formation with 6b leading to the formation of 7. The transformation of 7 to final product 3b takes place via cyclization, followed by dehydration and deprotonation step. The most plausible reaction mechanism for the formation of 3,4dihydropyrimidin-2(1H)-ones using low melting mixture is shown in Fig. 5 .
It is further noted that the presence of extra urea in the melt does not directly participate in the mechanism, however it may stabilize the resulting product as it may work as a strong proton acceptor from the ethyl acetoacetate. Using this hypothesis, we have isolated number of bis-uriede derivatives by the reaction of various aldehydes having electron-releasing and electron-withdrawing groups in melt and used them for the preparation of various 3,4-dihydropyrimidin-2(1H)-ones ( Table  2 ). All the reactions proceeded efficiently and afforded products in excellent yields. This very simple and convenient experimental procedure tolerated a variety of electron-releasing and electron-withdrawing groups under the present reaction conditions. The products obtained were confirmed by comparing their melting point with authentic samples and by 1 H and 13 C NMR spectral data. The importance of the present work lies in the fact that it supports the iminium mechanism, which proceeds via bis-ureide as a key intermediate in Bignelli reaction. 
EXPERIMENTAL Materials and Methods
All chemicals were purchased as reagent grade and used without further purification, unless otherwise mentioned. The structures of the products were confirmed by IR, 1 H NMR, mass spectral data and by comparison with authentic samples available commercially or prepared according to the literature methods. Nuclear magnetic resonance ( 1 H NMR and 13 C NMR) spectra were recorded in DMSO-d 6 on Bruker DPX (400 MHz) spectrometer using TMS as an internal standard. The mass spectra were obtained on Esquire 3000 Bruker Daltonics spectrometer (ESI). TLCs were carried out on silica gel plates which were activated at 100 o C for 1 h and stored in a dessicator. Iodine vapors were used for the visualization of spots.
General procedure for the preparation of DHPMs via bis-ureides
The constituents of the melt (citric acid-0.75 g, urea-1.25 g and mannitol-0.5 g) were ground using a mortar and pestle, and then transferred to a round bottom flask equipped with a stirring bar and condenser, and heated to 80 • C to form a clear melt. To this melt, 1 mmole of aldehyde was added and stirred for the appropriate time to get a solid product, which was isolated as bis-ureide derivative. Further, 1 mmole of ethyl acetoacetate was added to 1 mmole of isolated bis-ureide and stirred for the appropriate time ( Table 2 ). After completion of the reaction [monitored by TLC (EtOAc: pet ether 1:9)], the reaction mixture was cooled to room temperature and diluted with water (20 ml). The product was extracted with EtOAc (20 mL) and dried over anhydrous Na 2 SO 4 . Removal of the solvent under reduced pressure gave solid product which was purified either by crystallization from ethyl acetate: pet ether or using column chromatography [EtOAc:pet.ether-0.5:9.5, SiO 2 (E. Merck India; 60-200 mesh)].
General procedure for the preparation of DHPMs without isolating bis-ureides
The constituents of the melt (citric acid-0.75 g, urea-1.25 g and mannitol-0.5 g) were ground using a mortar and pestle and then transferred to a round bottom flask equipped with a stirring bar and condenser, heated to 80 • C to form a clear melt. To this melt, 1 mmole of aldehyde and 1 mmol of ethyl acetoacetate were added at 80 • C. After completion of the reaction [monitored by TLC (EtOAc: pet ether 1:9)], the reaction mixture was cooled to room temperature and diluted with water (20 mL). The product was extracted with EtOAc (20 ml) and dried over anhydrous Na 2 SO 4 . Removal of the solvent under reduced pressure gave solid product which was purified either by crystallization from ethyl acetate: pet ether or using column chromatography [EtOAc:pet.ether-0.5:9.5, SiO 2 (E. Merck India; 60-200 mesh)]. 5-(Ethoxycarbonyl)-4-(4-chlorophenyl)-6-methyl-3, 4-dihydropyrimidin-2-(1H)-one (3d 5-(Ethoxycarbonyl)-4-(2-nitrophenyl)-6-methyl-3, 4-dihydropyrimidin-2-(1H)-one (3f 5-(Ethoxycarbonyl)-4-(3-nitrophenyl)-6-methyl-3,4-dihydropyrimidin-2-(1H)-one (3g 5-(Ethoxycarbonyl)-4-styryl-6-methyl-3,4-dihydropyrimidin-2-(1H)-one (3h 5-(Ethoxycarbonyl)-4-(4-hydroxy-3-methoxyphenyl)-6methyl-3, 4-dihydropyrimidin-2-(1H)-one (3j 24, 142.67, 139.18, 121.24, 117.72, 112.32, 101.02, 59.64, 56.41, 50.18, 18.21, 14. 54. MS (ESI): 307 (M+1). 1,1'-[(2-Nitrophenyl) 1,1'-[(3-Nitrophenyl) 1,1'-[(4-Bromophenyl) 
Spectral data of 3,4-dihydropyrimidin-2-(1H)-ones ( 3a-m )

5-(Ethoxycarbonyl)-6-methyl-4-phenyl-3, 4dihydropyrimidin-2-(1H)-one
5-(Ethoxycarbonyl)-6-methyl-4-(4-methylphenyl)-3, 4-dihydropyrimidin-2-(1H)-one
5-(Ethoxycarbonyl)-4-(4-methoxyphenyl)-6-methyl-3, 4dihydropyrimidin-2-(1H)-one
5-(Ethoxycarbonyl)-4-(2-chlorophenyl)-6-methyl-3, 4-dihydropyrimidin-2-(1H)-one (3e) M.p ( o C):
5-(Ethoxycarbonyl)-4-(4-nitrophenyl)-6-methyl-3, 4-dihydropyrimidin-2-(1H)-one
5-(Ethoxycarbonyl)-4-(2-furfuryl)-6-methyl-3, 4-dihydropyrimidin-2-(1H)-one
5-(Ethoxycarbonyl)-4-(2-thienyl)-6-methyl-3,4-dihydropyrimidin-2-(1H)-one
5-(Ethoxycarbonyl)-4-(2,4-dichlorophenyl)-6-methyl-3,4dihydropyrimidin-2-(1H)-one
1,1'-[(4-Nitrophenyl)methylene]diurea (6i) 1 H-NMR (DMSO-d 6 )
: δ 8.16-8.14 (d, 2H, Ar-H), 7.65-7.64 (d, 2H, Ar-H), 6.89-6.87 (d, 2H, -NH), 6.57-6.54 (t, 1H, -CH), 5.74 (bs, 4H, -NH 2 ). 1,1'-[(4-Hydroxyphenyl) 
CONCLUSIONS
ESI (+)-MS monitoring of the Biginelli reaction under three-and two-component conditions indicate that the bis-ureide derivative may be the key intermediate involved in the Biginelli-type reaction using low melting mixtures as solvent and catalyst. Therefore, the combined experimental and theoretical results support that the iminium mechanism is favored in Biginelli reactions.
